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It is well established that preterm birth (PTB) is an important public health concern in both developed and developing countries. A PTB is defined as a delivery before 37 weeks of gestation due to the onset of preterm labor. The incidence of PTB may vary across the globe and may depend on environmental factors and socioeconomic settings. Recently, World Health Organization (WHO) projected that each year approximately 15 million babies are born preterm and this number is increasing. PTB complications are the main cause of death among children below 5 years of age and was responsible for nearly 1 million deaths in 2013. Data from 184 countries suggested that the PTB rate ranges from 5% to 18% in different parts of the world.\[[@ref1]\] Further, WHO subcategories of PTB based upon gestational age are extremely preterm (\<28 weeks); very preterm (28 to \< 32 weeks), and moderate-to-late preterm (32 to \< 37 weeks). It is estimated that more than 60% of PTBs occur in Africa and south Asia, and it is beyond doubt a global problem. The countries with the maximum PTB numbers are India -- 3,519,100; China -- 1,172,300; Nigeria -- 773,600; Pakistan -- 748,100; Indonesia -- 675,700; United States -- 517,400; Bangladesh -- 424,100; Philippines -- 348,900; Democratic Republic of the Congo -- 341,400; and Brazil -- 279,300.\[[@ref1]\] However, significantly high PTB rates (over 15%) are estimated from countries such as Malawi, Congo, Comoros, Zimbabwe, Equatorial Guinea, Mozambique, Gabon, Pakistan, Indonesia, Mauritania, and Botswana.\[[@ref2]\]

The increase in the PTB rate can be linked to several factors. Most PTBs occur spontaneously, however, a proportion of such births is due to very early onset of labor and caesarean birth, either due to medical or nonmedical reasons. Common causes of PTB include multiple fetuses, intrauterine infections, hormonal deregulations, chronic conditions, i.e., diabetes and high blood pressure, and genetics. A better understanding of the mechanistic underpinnings for PTB will certainly lead to the development of better therapeutic options to prevent this dreaded pregnancy malady. Most of the reviews on PTB have focused on ascending infections and genetic causes, effectiveness of progestogen for prevention of PTB, and association of work and behavior with PTB. However, no comprehensive review is available that addresses the emerging data on the association of occupational and environmental exposures and lifestyle factors with PTB.

Curation of the data {#sec2-1}
--------------------

The relevant literature was collected by searching numerous database, websites, and peer-reviewed journals, especially on occupational and reproductive health. The available data is compiled to describe the role of occupational, environmental, and lifestyle factors and their association with PTB. Data on occupational and environmental factors with respect to PTB are summarized in [Table 1](#T1){ref-type="table"}, lifestyle issues in [Table 2](#T2){ref-type="table"}, and physical factors/exposure in [Table 3](#T3){ref-type="table"}.
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Exposure to environmental/industrial chemicals and preterm birth {#sec2-2}
----------------------------------------------------------------

The increasing risk of exposure to synthetic chemicals through bioaccumulation in the body and unpredictable contacts is slowly unraveling the facts regarding possible hazards to human and animal health. Although the awareness on the possible consequences to human health from synthetic substances has been raised during the past decades, an average of 2--3 new synthetic chemicals, whose effects are largely unknown, are introduced into the environment and food chain. There are approximately 70000 different synthetic chemicals in the global market, and many others are emitted as by-products of their production or disposal.\[[@ref36]\] Today, synthetic chemical contamination is pervasive and global. There is no clean, uncontaminated place and no person unscathed by this chemical legacy. The persistent nature in the environment and bioaccumulation of these chemicals raise the possibility of long-lasting harmful effects to environment and health. Some of these persistent environmental contaminants known as endocrine disruptors can obstruct the bioactivity of the body\'s own hormones and affect the reproductive health.

A few environmental pollutants have been studied for their potential to enhance PTB risk. Because only limited information is available on the biological consequences of most of these pollutants, their potential role in programming of PTB is inadequately understood. Interestingly, some reasonable data are available on metals such as lead and environmental tobacco smoke (ETS), suggesting that maternal exposure to these pollutants increases the risk of PTB.\[[@ref21][@ref25]\] In addition, a number of epidemiological studies have found a significant relationship between exposure to air pollutants and PTB, particularly sulfur dioxide and particulate matters.\[[@ref8]\] To add to this list, agricultural chemicals warrant greater attention as potential risk factors for PTB. A few studies have suggested that exposure to nitrates and arsenic through drinking water can be associated with PTB.\[[@ref14]\] Despite all these alarms for adverse pregnancy outcomes, a large number of pollutants to which a pregnant woman is exposed routinely have never been investigated for PTB. Thus, an efficient and effective research program is needed as women are exposed to a large number of potential toxicants.\[[@ref37]\] Earlier, Ahamed *et al*. studied women of reproductive age who were continually exposed to arsenic through drinking water. These women, 98% consuming drinking water containing ≥0.10 mg/L arsenic for a shorter period and about 43.8% had been drinking arsenic-contaminated water for 5--10 years, experienced adverse pregnancy outcomes including PTB. Adverse pregnancy outcomes such as spontaneous abortion, stillbirth, and PTB were considerably higher in the exposed group compared to the nonexposed group.\[[@ref14]\]

Numerous studies have indicated that air pollutants influenced both male and female reproductive health.\[[@ref38]\] Since the mid-1990s, several studies have established a link between ambient air pollutants to adverse birth outcomes including low birth weight (LBW), small for gestational age (SGA), PTB, and cardiac birth defects.\[[@ref39]\] However, mechanism of air pollutants and adverse birth outcomes is poorly understood due to the lack of appropriate animal models and the inability to identify specific toxicants. Most work along these lines has been done for PAHs, however, other air toxicants such as metals and volatile organic compounds may also be important contributors to adverse reproductive health.\[[@ref40]\] Recently, DeFranco *et al*. also mentioned that high levels of particulate air pollutant, i.e., PM2.5 exposure during pregnancy is associated with elevated risk of PTB and greatest risk with third trimester exposure. This exposure may in part contribute to the higher PTB rates observed in Ohio compared to other states in the US.\[[@ref9]\] In addition to traffic source of pollutants, other PAH sources were also shown to be associated with increased incidence of PTB.\[[@ref8]\]

Ferguson *et al*. examined a possible association between PTB and exposure to five groups of environmental toxicants, including persistent organic pollutants, drinking-water pollutants, atmospheric pollutants, metals and metalloids, and other unknown environmental pollutants.\[[@ref41]\] They reported that no consistent evidence was found for any association between individual chemical exposure and PTB. They also identified limitations of the approach and addressed the knowledge gaps.\[[@ref41]\] Noteworthy are the recent observations by Huang *et al*. who found a significant association between higher maternal urinary cadmium (Cd) levels and the risk of very LBW PTB. The association was more pronounced for female infant pregnancies than male infants\' pregnancies.\[[@ref16]\] This study suggested that prenatal exposure to Cd at the current level encountered in China may potentially increase the risk of delivering preterm LBW infants. Recently, Yang *et al*. also found that an increase in Cd concentration in maternal urine was associated with decreased gestational age.\[[@ref17]\] This is further supported by the observations of Nishijo *et al*. who previously reported that maternal exposure to Cd contributed to early pregnancy delivery with LBW. They also mentioned that Cd is transferred intergenerationally through breast milk after birth.\[[@ref18]\]

Other reports provide evidence for a significant role of lead in adverse pregnancy outcomes. Luisa *et al*. reported that intrauterine lead exposure may be associated with PTB in first delivery but not in subsequent ones.\[[@ref20]\] Recently, Zhang *et al*. found that mothers with preterm low-birth weight (PLBW) infants had higher levels of lead in urine with female fetuses\' pregnancies. Taylor *et al*. also reported effects of maternal blood lead (B-Pb) on the incidence of preterm delivery, birth weight, head circumference, and crown--heel length.\[[@ref22]\] Earlier Savitz *et al*. mentioned that maternal occupational exposure to lead was strongly associated with PTB.\[[@ref42]\] Further, two-fold increased risk of preterm delivery (PTD) was found with paternal employment in the glass, clay, stone, textile, and mining industries.\[[@ref42]\] In addition, earlier reports by Lin *et al*. also suggested a relationship between paternal occupational lead exposure and LBW/prematurity. No statistically significant difference was found in birth weight or gestational age between the exposed and control groups. However, workers who had elevated blood lead levels for more than 5 years had a higher risk of fathering a child with LBW or prematurity.\[[@ref43]\] Further, Falcon *et al*. assessed the relationship of placental lead to intrauterine fetal growth and adverse pregnancy outcomes.\[[@ref23]\] They found higher lead levels in placentas from premature rupture of membranes and preterm labor (gestational age ≤37 weeks) compared to the placentas from term pregnancies. The proportion of abnormal pregnancy outcome in patients of placentas with lead concentrations more than 120 ng/g was 40.6 versus 8.8% in placentas lower with this concentration.\[[@ref23]\] Quansah and Jaakkola reported that maternal exposure to welding fumes (WF) or metal dusts or fumes (MD/F) combination during pregnancy may reduce the fetal growth and further stated that paternal exposure to WF may increase the risk of preterm delivery and small-for-gestational age.\[[@ref44]\]

Some data are also available on insecticides, herbicides, etc., with respect to reproduction and its outcome. Recently, Rinsky *et al*. examined the relationship between PTB and exposure to a commonly used herbicide, atrazine.\[[@ref19]\] An increase in the odds of PTB was found among women living in counties with the highest levels of atrazine in drinking water group compared with women residing in counties with the lowest exposure.\[[@ref19]\] Earlier, Longnecker *et al*. reported that DDT use increased the risk of PTB.\[[@ref7]\] DeLong *et al*. reported premature pupping in sea lions observed since 1968. They found that organochlorine pesticides and polychlorinated biphenyl residues were 2--8 times higher in tissues of premature parturient females and pups than that in full-term parturient females and pups.\[[@ref45]\] Recently, Sharma *et al*. assessed the gene-environmental interaction between maternal organochlorine pesticides (OCPs) and *CYP17* gene polymorphism with respect to the risk of PTB. They found considerably higher levels of α-HCH, β-HCH, and γ-HCH in maternal blood of PTB patients. They also observed a significant interaction between γ-HCH (≥50^th^ percentile) and *CYP17* A1A1 (wild type) genotype and concluded that elevated levels of OCPs along with wild type state of *CYP17* gene (A1A1) in women may be an etiological factor in "idiopathic\' PTB."\[[@ref12]\] Further, Mustafa *et al*. reported that the interaction between high OCPs levels and polymorphism in *CYP1A1m2* and *GSTM1* null genotypes may increase the risk of PTB, thus, providing confirmation for a gene-environment interaction in pregnant women and PTB.\[[@ref11]\] Earlier Demendi *et al*. reported that the Bax gene was overexpressed in PTB, whereas expression of the *Bcl-2* gene remained unchanged.\[[@ref46]\] These studies indicate that genetic deviation and its interaction with the environmental exposure may be the risk factor of PTB.

Rowland *et al*. analyzed 1320 women who worked as dental assistants and recently conceived. Among these women, 32 women reported exposure to ethylene oxide. Among exposed women, the age-adjusted relative hazard of spontaneous abortion was 2.5 for PTB 2.7 and for postterm birth was 2.1. The estimated relative risk of any one of these undesirable outcomes among exposed women was 2.5 after adjusting age, nitrous oxide, and mercury amalgams prepared.\[[@ref13]\] Further, Wennborg *et al*. also reported a slightly elevated risk, specifically for pre and postterm births among women working with certain laboratory tasks such as working with solvents and bacteria.\[[@ref15]\]

In addition, Jensen *et al*. found a positive association between the use of a combination of oral contraceptives and PTB for all exposure periods and combination of contraceptives containing the progestin norethisterone. Other types of hormonal contraception were normally not associated with PTB and none were associated with small for gestational age neonates.\[[@ref47]\] Earlier Chen *et al*. reported that the use of oral contraceptives near the time of conception may be associated with an increased risk of LBP and PTB.\[[@ref48]\]

Behrman and Butler reported that some environmental pollutants such as lead and tobacco smoke, and air pollutants may contribute to the threat of PTB; however, most environmental pollutants have not been investigated.\[[@ref37]\] Hossain and Westerlund also reported that environmental factors such as smoking, video display terminals, anesthetic gases, antineoplastic drugs, and exposure to lead, selenium, inorganic mercury have been implicated in adverse pregnancy outcome, and smoking during pregnancy is the leading factor for adverse pregnancy outcomes. Similarly, air pollution, pesticide exposure, and stress have also been associated with LBW and PTD.\[[@ref49]\] Recently Brunet-Tran *et al*. reported that the PTB rate in US and industrialized countries has paralleled with industrial expansion, suggesting a role of industrial toxicants and pregnancy outcomes. Based upon experimental studies they also suggested that the preconception testicular health is also a critical determinant of pregnancy outcomes and recommended to examine the contribution of the males to pregnancy outcome.\[[@ref50]\] Earlier, Guillette and Moore reported that exposure to environmental factors, both *in utero* and neonatally, might dramatically affect adult fertility. Studies carried out among contaminant-exposed wildlife populations also suggest that a number of mechanisms contribute to alterations in gonadal growth, maturation of germ cells, fertilization and pregnancy, and the endocrine processes.\[[@ref51]\]

Lifestyles and preterm birth {#sec2-3}
----------------------------

Lifestyle factors may also play an imperative role in reproduction and its outcome. There are some reports on smoking, alcohol consumption, tobacco chewing, and adverse reproductive outcome. Windham *et al*. reported increased rate of LBW and small for gestational age with heavier maternal smoking (\>10 cigarettes/day), as well as an increased risk for very preterm birth (\<35 weeks). These associations were generally stronger among infants of older (≥30 years) than those of younger mothers. High ETS exposure (≥7 hours/day in nonsmokers) was moderately associated with LBW, PTB, and most strongly with very PTB.\[[@ref25]\] In addition to ETS, tobacco chewing may also have a role in reproductive impairments. Gupta and Sreevidya reported that smokeless tobacco use was associated with an average reduction of 105 g in birth weight and a reduction in gestational age of 6.2 days. The adjusted odds ratio for PTD (\<37 weeks) was 1.4; for delivery before 32 weeks it was 4.9 and before 28 weeks it was 8.0.\[[@ref24]\] Recently, Khattar *et al*. (2013) from India reported that exposure to ETS during pregnancy is associated with LBW.\[[@ref52]\] Archana *et al*. studied the effect of pan masala (pan masala plain -- PMP, containing areca nut as the major ingredient), and with tobacco (PMT) on pregnant mice. Animals were treated with PMP and PMT from gestation day (GD) 0, 6, and 14 up to lactation. Gestation length was shorter, which was significant in PMT from GD 0 treated group. Pups born to PMT-treated dams had significant LBW. Neonatal death and post-implantation loss was also observed in the pan masala-treated groups. The data point toward fetotoxic potential of pan masala, especially PMT.\[[@ref53]\] However, data on chewing mixture of tobacco and areca nut with respect to human PTB remain significant. Recently, Kumar mentioned that existing studies advocate that tobacco and areca nut chewing alone, collectively or with other constituents, had potential for reproductive toxicity.\[[@ref54]\] Use of smokeless tobacco, in any form, by pregnant women also had harmful effects on pregnancy and outcome. Hence, pregnant women should keep away from consumption of any combination containing areca nut and tobacco to save the pregnancy and outcome. In addition to tobacco, the risk of extreme PTD was also reported to be associated with alcohol use and similar in magnitude to other well-recognized risks. These findings advocate that prevention of alcohol use during pregnancy might significantly reduce the risk of PTD.\[[@ref26]\]

In addition, Col-Araz reported that the habit of watching television and using mobile phones and computer by mothers did not demonstrate any relationship with birth weight. However, mothers who used mobile phones or computers excessively during pregnancy had significantly more deliveries before 37 weeks.\[[@ref55]\] In addition, very recently Martin *et al*. mentioned that diet quality during pregnancy is associated with PTB; thus, preconceptional and early prenatal dietary counseling promoting healthy dietary intake could improve pregnancy outcomes.\[[@ref56]\]

Physical and ergonomic factors and preterm birth {#sec2-4}
------------------------------------------------

In addition to habits, work posture practices of women might also have a role in PTB. Earlier, Henriksen *et al*. suggested that pregnant women must avoid long-standing and heavy lifting during the second and third trimester of pregnancy. However, results from epidemiological studies are indistinct. They reported that standing and walking at work through the second trimester may present a risk for PTD.\[[@ref30]\] These studies indicated that several factors, both exogenous and endogenous, might account for the PTB. Later Runge *et al*. studied 62803 pregnant women registered at the Danish National Birth Cohort from 1996 to 2002. They observed a dose--response relationship between the total daily load lifted by pregnant women and PTB. Further, lifting heavy loads (\>20/kg) more than10 times/day was associated with PTB up to an OR of 2.03.\[[@ref29]\] Physically demanding work may significantly increase a woman\'s risk of PTB.\[[@ref57][@ref58]\] Other occupational exposure significantly associated with PTB included prolonged standing, shift and night work, and high cumulative work fatigue score, whereas no significant association between long work hours and PTB.\[[@ref57]\] Earlier, Mishra *et al*. found the odd of PTD was increased for women who climbed stairs ≥10 times/day, and for women who engaged in walking and leisure time exercise in the first and second trimesters had a protective effect on PTD.\[[@ref59]\] Hegaard *et al*. also observed that moderate-to-heavy leisure time physical activity during pregnancy is associated with a significantly reduced risk of PTD. They also reported that women who practiced more than 1 type of sports had a significantly reduced risk of PTD.\[[@ref60]\] It is known fact that some exercise is beneficial to human health. Guendelman *et al*. reported that moderate exercise is associated with reduced PTD, especially for women with BMI above the normal range.\[[@ref27]\] Earlier, Juhl *et al*. also showed a reduced risk of PTB among women who engaged in some kind of exercise during pregnancy in comparison with nonexercisers, however, no dose--response relationship was seen. These findings do not indicate any adverse effects of exercise on the risk of PTB, and therefore, do not contradict current recommendations.\[[@ref28]\]

There are few reports of physical violence by the intimate partner and reproductive outcome. Rachana *et al*. reported the prevalence of physical violence was found to be 21% in Saudi Arabia and were likely to be hospitalized antenatally for maternal complications, i.e., trauma due to blows/kicks on the abdomen, preterm labor, abruptio-placenta, and kidney infections. There was a positive association between physical violence during pregnancy and cesarean section, abruptio-placenta, fetal distress, and prematurity.\[[@ref33]\] Later, Devries *et al*. reported that the prevalence of intimate partner violence (IPV) during pregnancy ranged from approximately 2.0% in Australia, Cambodia, Denmark, and the Philippines to 13.5% in Uganda. Prevalence appeared to be higher in African and Latin American countries compared to the European and Asian countries surveyed.\[[@ref61]\] Further, Rodrigues *et al*. found an association between physical abuse and PTD when abuse occurred only before pregnancy. The experience of violence before pregnancy may result in posttraumatic stress, which may lead to PTD.\[[@ref34]\]

Furthermore, in addition to adverse effect on auditory function, excessive noise may also affect other organ systems including pregnancy outcome. However, sufficient data are not available on noise pollution and PTB. Recently Ristovska *et al*. reported an association between occupational noise exposure and LBW, PTB, and small for gestational age, either independently or together with other occupational risk factors.\[[@ref35]\]

Social status and preterm birth {#sec2-5}
-------------------------------

There are ample differences in the incidence of PTB in various parts of the world. Social status also plays a role in PTB. Recently, Carmichael *et al*. examined the capability of social, demographic, environmental, and health-related factors to understand the geographic variability in PTD among black and white women in the US. Much of the geographic variability in PTD can be elucidated by socioeconomic, demographic, and health-related characteristics of the population, but less so for blacks than whites.\[[@ref62]\] Basco *et al*. mentioned that low social status is a suspected risk indicator for PTB and also found that social decline and move to an urban municipality may be associated with PTB in Denmark.\[[@ref63]\] This may be due to poor hygienic settings and multiple partners leading to infections.

Environmental exposure, oxidative stress, and PTB. {#sec2-6}
--------------------------------------------------

In addition, induction of oxidative stress (OS) due to environmental, occupational, and lifestyles factors in reproductive tissues and organs may also have an impact upon reproduction and pregnancy outcome. Ahamed *et al*. elucidated the possible free radical-mediated mechanism of PTD with respect to lead exposure.\[[@ref10]\] A significantly higher placental lead and thiobarbituric acid reactive substances (TBARS) and significantly lower GSH level was observed in the group with PTD. Activity of antioxidant enzymes such as SOD, CAT, GPx, and GR were also significantly elevated in the placenta of women with PTD. Furthermore, placental lead has significant positive correlations with TBARS, SOD, and CAT, and negative correlation with GSH. There may be several possible reasons for increased OS in PTD. They pointed out that lead-induced OS may be one of the underlying mechanism(s) of PTD.\[[@ref10]\]

Recently, Karakis *et al*. assessed an association between prenatal exposures to (semi-) metals and neonatal morbidity by introducing an OS as a possible intermediate step. An OS was measured by cell proliferation (CP) ratio in umbilical cord blood cells. Urine samples of 31% of 58 enrolled women were positive for (semi-) metals; 25.9% of women were positive for aluminum (Al). They found that CP ratio was higher (1) in patients with Al, (2) in mothers to newborns diagnosed as small-for-gestational age, (3) neonates that weighed less, and (4) in women who experienced repeated abortions.\[[@ref64]\] These findings suggest the possibility of metal-induced OS behind the cause of adverse reproductive outcome.

Hong *et al*. investigated whether exposure to environmental chemicals, such as PAHs, volatile organic compounds, bisphenol A, or phthalates, stimulate OS in urban populations. They measured urinary levels of 1-hydroxypyrene, 2-naphthol, hippuric acid, methylhippuric acid, mono-(2-ethyl-5-hydroxyhexyl) phthalate, mono-(2-ethyl-5-oxohexyl) phthalate, and mono-butyl phthalate, and bisphenol A to assess environmental exposure. They also measured urinary malondialdehyde and 8-hydroxydeoxyguanosine to evaluate OS and found significant dose--response relationship between urinary concentrations of chemical exposure biomarkers and OS levels.\[[@ref65]\] Very recently, Ferguson *et al*. concluded that urinary phthalate metabolites were associated with increased OS biomarkers in pregnant women. These relationships might be relevant to birth outcomes linked to phthalate exposure.\[[@ref66]\] Weber *et al*. examined the relationship between neonatal outcome (BW, head circumference, SGA, PTD) with markers of OS and micronutrients in maternal and cord blood. Oxidative stress markers (protein carbonyls (PrCarb), 3-nitrotyrosine (3NT), malondialdehyde (MDA), total protein concentration, and lipid-soluble micronutrients (carotenoids, retinol, tocopherols) were estimated in newborns (11% preterm, 13% SGA) and mothers. They mentioned that prematurely borne neonates had lower proteins and retinol level but higher PrCarb than those born at term. Maternal PrCarb and retinol were inversely related with BW and head circumference. Mothers with PrCarb, MDA, and retinol with the highest quintile had a 3.3-fold, 2.1-fold and 3.3-fold risk, respectively, for delivering an SGA newborn, whereas the lowest quintile of retinol in cord blood was linked with an elevated risk for PTD.\[[@ref67]\] Recently, Al-Gubory also reported that there is ample evidence that the toxicological mechanisms of synthetic chemicals and unhealthy lifestyle involve in the generation of reactive oxygen species (ROS) and cellular oxidative damage.\[[@ref68]\] The studies available point out that environmental chemical exposure induces OS.

Ferguson *et al*. reported that women exposed to phthalates during pregnancy have significantly elevated odds of delivering preterm. Hence steps should be taken to reduce maternal exposure to phthalates during pregnancy.\[[@ref69]\] Meeker *et al*. provided evidence for potential role for phthalate exposure (DBP, DOP, DEHP, and/or BBzP) in PTB among Mexican women.\[[@ref4]\] Later Huang *et al*. from China reported that prenatal exposure to phthalates is associated with younger gestational age and PTD. They also mentioned that phthalate exposure may adversely affect fetal growth parameters via gestational age reduction and PTD.\[[@ref5]\] Polanska *et al*. also reported that phthalate exposure may be associated with shorter pregnancy duration and a decreased head circumference, underscoring the importance of public health interventions.\[[@ref6]\] Recently, Marie *et al*. reviewed the literature on what phthalate metabolites are involved in PTB and highlighted an increased risk of PTB. The main metabolites detected and involved were primary metabolites of di-2 (ethylhexyl)-phthalate (DEHP) and di-n-butyl-phthalate (DnBP).\[[@ref3]\] The overall available data on phthalates and PTB suggests that some of the phthalates, such as DEHP and DBP, have the potential to induce PTB, which might be due to the OS induced by the phthalates. More studies warranted on other phthalates and those are also used in place of these phthalates. Ferguson et. al. linked exposure to phthalate during pregnancy and to adverse birth outcomes such as PTB, inflammation, and OS may mediate these relationships. They assessed the associations between urinary phthalate metabolites and biomarkers of inflammation, including C-reactive protein, various interleukin such as IL-1β, IL-6, IL-10 and TNF-α and OS, including 8-hydroxydeoxyguanosine and 8-isoprostane. Metabolites of DEHP were found to be associated nonsignificantly with increased level of IL-6 and IL-10. All phthalates were found to be associated with increases in OS markers. Relationship with 8-OHdG were significant for DEHP metabolites as well as mono-n-butyl phthalate and mono-iso- butyl phthalate. For 8-isoprostane, relationships with nearly all phthalates were statistically significant.\[[@ref70]\] Earlier Taylor *et al*. reported that elevated IL-6 in vaginal fluid displayed the strongest relationship with spontaneous preterm delivery \<35 weeks and PTD with histologic chorioamnionitis (HCA). The sensitivity of IL-6 to detect spontaneous PTD or PTD with HCA was found to be 0.43 and 0.51, respectively. They found that IL-6 plus IL1β, IL-6, TNF-α, or granulocyte-macrophage colony-stimulating factor elevated specificity, but decreased sensitivity to detect both PTD subtypes. They further reported that multiple biomarkers did not detect PTD subtypes with a greater sensitivity than IL-6 alone and IL-6 is a specific but nonsensitive marker for the detection of spontaneous PTD.\[[@ref71]\] Ferguson *et al*. also reported that IL-6 was associated with increased odds of spontaneous PTB, defined by presentation of spontaneous preterm labor and/or preterm premature rupture of the membranes. IL-10 was associated with elevated odds of placentally mediated PTB, defined by presentation with preeclampsia or intrauterine growth restriction, and odds ratios were also the highest near the end of pregnancy.\[[@ref72]\]

In addition, neurohormones may also have some role in PTB. Petraglia *et al*. reported that oxytocin (OT) is the neurohormone whose main target is uterine contractility, and the placenta represents a novel source that contributes to the mechanisms of parturition. They also reported that CRH/urocortin (Ucn) family is another significant neuroendocrine pathway implicated in term and PTB. A preterm birth indication is a premature activation of OT secretion and elevated maternal plasma CRH levels imply a pathogenic role of these neurohormones. A decline of maternal serum CRH-binding protein is a simultaneous event. At mid-gestation, placental hypersecretion of CRH or Ucn has been projected as a extrapolative marker of successive PTD.\[[@ref31]\] The complex mechanisms controlling parturition involve mother, fetus, placenta, and stress is a key factor activating a series of physiological responses.

In addition, physical environmental/occupational factors such as excessive temperature may also have role in PTB. Recently Carolan-Olah and Frankowska reviewed the data on high environmental temperature and PTB and reported that the weight of evidence supported an association between high environmental temperature and PTB. However, the degree of association varied significantly. Differing definitions of PTB may also add to the lack of clarity.\[[@ref32]\] Strand *et al*. found a strong association between higher temperature and increased risk of still birth and shorter gestation. Based on these, pregnant women are advised to take precautions to avoid heat stress when sudden elevation of temperature occurs.\[[@ref73]\]

There is now new awareness about the role of environmental, lifestyle, and occupational factors behind the increasing trend for reproductive disorders in both male and female reproductive health. There are reports which indicated that certain environmental chemicals may have adverse effects on human reproduction and may also be associated with PTB. Thus, there is a need to understand the problem with respect to environmental and occupational exposure, as well as suggest or facilitate planning for interventions in PTB. There are several questions which could be answered by future studies, such as certain chemicals or their metabolite in the seminal plasma and/or placental tissue, may compromise the quality of gametes, which may become a risk factor for reproductive outcome and PTB and also on the role of testicular health and PTB.

Based on available information even though inconclusive, it is advised to reduce the exposure to these chemicals those reported to have adverse reproductive/pregnancy outcome. These persistent chemicals, lifestyle factors, physical and social factors, environment may induce oxidative stress; these increased oxidative stresses might be a cause behind the idiopathic adverse pregnancy outcome. Hence, it is advisable that pregnant women prevent the exposure to such factors.
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